Dv Site
ID #
Break: __3.2

Exposure Assessment at TCDD Contaminated Areas | Other:
20

Questxons as to the habitability of any area where soil is contaminated
with TCDD are necessarily linked to considerations of excess risks of
developing specific adverse health effects as a result of the total cumulatxve

dose which an individual receives. In turn, this cumulative dose is a function

of several factors:

(1) qbncentrationé of environmental contamination
(2) location of and access to.contaminated areas
(3) type of activities in contaminated areas

(4) duration of exposure

(5) specific exposure mechanisms

In addition, questions of continued habitability must also include

considerations of the potential for limiting or eliminating ongoing exposures.
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The development of a level of concern about an unacceptable risk due to-

exposure to TCDD is present poses significant difficulties becauée TCDD has

such unique properties, as outlined in the preceding pages of this document.

As a first approach, a series of risk assessment esfimates based on
several of these factors has been utilized in the past by a number of groups in
order to determine what an "acceptable" risk for exposure to TCDD would be. As
more information on the toxicity of this chemical has become available, these

levels have generally been reduced.
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" In order to detefmine whether a spécific concentration of TCbD.in soil
presents a risk to humans, it is first necessary to examine hoy_humans might _
absorb TCDD from such soil. Unfortunately, it is not well-known how much of.
any chémicaL.present in soil may be absorbed by humans coming in comtact with:
such soil. ﬁqst risk assessments that have been made in the past have been |

‘made for such media as food where it is assumed that a certain amoﬁnt of food
with a certain concentratioh of the chemical in it is consumed, for air where
it simply néeds to be calculated how much air is inhaled, or for chemicals in
water where the only number needed is the amounf of water consumed, althougﬁ,
as far as water quality criteria are concerned, the bioacéumuiation of
chemicals in fish from contaminated water are also considered. Unforfﬁﬁéfely, :

the analogous series of estimates is more complicated for soil.

There are basically three exposure routes that must be considered: 'dermal
absorption Ehrough direct contact with the soil, ingestion of séil, and ché
inhalation of dust to which TCDD is attached. Vapors may be an additiomal,
probably minor route of exposure. Another issue, which does not directly entér
in the current risk assessment, is the fact that TCDD in the environment coﬁl&
eventually end up in the f&od chain particularly in fish. If TCDD enters a
food chain, there is an unknown additional source of exposure which must be
added to the risk of those individuals exposed to contaminated soil and of a

lafger, undefined population.

Regarding dermal absorption, there is some evidence that TCDD binds to the
soil and would not be as easily available for absorption. (Vegetation covering

contaminated soil may decrease TCDD availability as well.) However,

31



information on bioavailability is currently limited and\ﬁay vary for different
types of soil. According to the literatﬁre'(Poiger and Schlatter, 1980, and a
personal communication) anywhere from 1 to 10 percent of the TCDD which is in
the soil may be absorbed through the skin, and this percentage is likely to be
dependent on the TCDD concentration in the soil (i.e., it may be greater at
higher concentrations) and on the type of soil. When Poiger and Schlatter
(1980) applied soil with a dose of 350 ng TCDD to the backs of rats, 1.7 + 0.5%
of the dose was found in the liver; at a dose of 26 ng about 0.05Z of the dose
was found in the liver. It is not stated in the paper how lpng the soil was
left in contact with the skin of the rats. Therefore, the subsequent esgim#fgs

will take consideration of this range of skin absorption factors.

In regards to the portion of total dose due to ingestion of soil
particles,'feeding studies in animals suggest that 10-30% TCDD adsorﬁed on s§i1
will bé'ebsorbed in the gastrointestinal tract. Poiger and Schlatter (1§80)
found 16-24% of the administered dose of TCDD in the liver. According to Fries
and Marrow (1975) this represents about 70% of the body burden of TCDD.
Therefore, the calculations to follow will also cohsider these differing

gastrointestinal absorption rates.

In regards to inhaled doses, there is little information available on the
amount of dust that may be present in the air in situations of known soil
contaminétion; measurements in Seveso showed that the amount of dust in air
was 0.14 mg/m3 air (DiDomenico et al., 1980). No dust leyéls in air whose
sole source is soil are available from air monitoriﬁg stations. Soil,

vegetable matter and particles from other sources such as car exhaust are
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measured as pafticulate matter. The use of particulate matter would highly
overestimate dust derived from soil. If would be possible that in gituations
such as riding arenas or in relatively drier areas dust levels would be

higher. On the othér hand, immediately after a rainfall there would probably
be less dust. In the same investigatiom, it was shown that TCDD Ieve13'in'&ust
were comparable to those found in soil. Another unknown is the amount of
material that could be carried into the house from the outside. In order to
err on the conservative side, it is assumed that the exposure to dust inside a
house surfounded by contamiﬁated soil is similar to that which would occur if
people spent their entire time in ciose contact with the cqntaﬁinated soil
outside. (One of the CDC sonsultants commented that the assumption thaéliAAAOr
levels will equal outdoor appear unnecesgarily conservative.) It is further
assumed that an average adult at rest exchanges approximately 10 m of éir

per 24~hour period and that this would increase with mild activity to.18-é4. v
m3/day And to 40m3/day with bard physical labor. Finally, it is assumed -

that whatever TCDD is inhaled adsorbed to dust particles is absorbed either
through deposition in the respiratory tract or by ingestion after being.brought

up by the éiliary action of the respiratory tract epithelial cells.

For fhe sake of comparison, all of the above-discussed assumptions (and’
variations thereof) were applied in a series of total dose calculations. It
was further assumed that individuals at risk are exposed to the maximum soil
concentrations (e.g., 1 ppb and 100 ppb levels were used in .the following

calculations) continuously (i.e., total accessibility to contaminated areas).
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Several comments were received from CDC consultants on exposure
estimates. Unfortunately, there is no documentation in the literature which
clarifies the problems raised. How much dirt does a young chi;d eat when
playing outside? How much dirt gets on the skin during gardening activitiés?
How much dirt gets onto the skin of children playing football or other games?
That information is simply not avéilable. However, one gram of dirt less than
lmm thick can be spread over an area of 4-5cm2 or 1 1/2 -2 inchesz. Ten
grams of goil less than 1 mm thick can be spread'over an area of about.ls cm
or about 6 inchesz. (The volume of dirt will vary somewhat with moisture
content.) The dirt uséd to give fhé above surface areaé was Georgia clay which
had beeﬁ.stofed for several months at room temperature. The surface.ﬁréaé are
illustrated in Figure 1. In Figure 2 surface areas of one palm of mediuﬁ sized
hands from adults and children were computed. These figures illustrate th;t it
~ is not unreasonable that people will make contact with 1-10 grams of dirt. Onmn

a volume basis, 10 grams occupies 2 cm3.

The estimates of coatribution to total daily dose from percutaneous
absorption given varying levels of TCDD concentrations in soil, quantities of
soil on exposed skin surfaces and.gbsorption rates are presented in Table 5.
Table 6 contains the estimates of the daily dose derived from ingestion of
varying amounts of sdil contaminated at different levels with variable rates of
gastrointestinal absorption. Finally, Table 7 represents the estimates of the
contribution to total daily dose from-inhalation of contaminated dust parficles

given the above assumptions.

All of the calculations regarding exposure are based on the -assumption

that humans have intimate contact with the contaminated soil and that a
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percent#ge of the TCDD present-in the soil is absorbed. The freqﬁency of
exposure must also be considered and for dermal exposure it must be remembered
that clothing will afford some protection. The dosés calculated in Tablé 5-7
are wor;c case estimates (e.g. amount of soil ingested is estimated for a child
under 5 years of age) and the dose humans receive in most instances will be
lower. 1If intimate contact was to less than 1 or 10 grams of soil ér if the
frequency of exposure and the % dermal absorption are somewhat reduced, the

amount of absorbed TCDD would naturally also be less.

A large number of estimated total daily doses can be derived from the many
combinations of the exposure route-specific doses (given different sets of o
assumptions as to absorption rates, soil contamination, etc.). For the sake of
brevity, the two most extreme total daily dose estimates were compiled for 2
divergent levels of TCDD soil contamination (lppb and 100ppb) and are é;

follows:

Lowest Daily Dose - 1lll.4 picograms/day for residential areas

Assumption: 1 ppb in soil; 1 gram of soil ingested (10% absorbed); 1 gram

soil on skin (1% absorbed), daily exposure.

- 1.4 picogram/day for the general public in commercial
areas.

Agsumption: 1 ppb in soil; 1 gram of 'soil on skin (1% absorbed) once a week.

Highest Daily Dose - 400.14 nanograms/day for residential areas.

Assumption: 100 ppb in soil; 10 grams of soil ingested (30% absorbed);

10 grams soil on skin (10% absorbed).
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- 140 picogram/day for commercial areas.

Assumption: 100 ppb in soil; 10 grams of soil on skin (10% absorbed) once a

week

Of course, any other combination of these varying factors .can be used to derive
intermediate or farther outlying daily dose estimates. Appropriate adjustment
for higher concentrations of TCDD in soil as for exposure to larger amounts of

soil would have to be made.

Ingestion of soil would become negligible after age 5. Thus, daily doses

. ,&000 .
after that age for soil containing 1 ppb would be 10 pg Or about 140 fg/kg for
adults weighing 70 kg, 200 fg/kg for adults weighing 50 kg and 300 fg/kg for

children weighing 30 kg.

Risk Assessment

The critical step in assessing individual risks at these estimated dose
levels must incorporate a comparison to known (or estimated) '"safe" levels of

exposure in relation to clearly defined health effects end-points.

The National Research Council of Canada (NRCC) has recently published a
report reviewing available toxicity data for TCDD and related compounds as well
as various procedures to calculate a 'virtually safe dose" (VSD) for TCDD from .
such data. A summary table from this document listing the various models,
estimated VSDs, approximate 95% confidence levels and references fo the

different models which were used was reviewed by the CDC consultants. It was
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determined that the table contained a number of errors and the virtually safe
dose was thetéfo:é recalculated as outlined in this section (Crump and Watson,
1979). The aqalysés in this section follow guidelines recommended by the CDC
consultants aﬁd are based upon two studies: one by Kociba et al (1978) and
another by the National Toxicology Program (NTP, 1981). Further detail on
these (and other) studies can be obtained from the EPA TCDD risk assessﬁent
(EPA #:.EPA—600/6—81-003). All of the CDC consultants agreed that the

available human data are inadequate to be used in risk assessment calculations.

In the Kociba study a substantial pfoprotion of the animals including those in
the control group died before the two-year sacrifice (78% to 92% in the malés
and 68% to 92% in the females). 1In addition, there appear to be time-feiatéd
as well as dose-related effects at the lesion sites. No time-adjusted analysis
of this data was done for this document; this may be accomplished by C. Portiér

of NIEHS if the individual animal data can be obtained.

- The important lesion sites (for risk assessment) in the two sexes are
given in Table 10 along with the tumor incidence at each dose. The original
pathblogy done by Kociba was reviewed by Squire and the results of Squire's
review are therefore also included. In the risk assessment done by the EPA,
the analysis is based upon grouping these sites using as incidence the number
of animals with any one of the lesions divided by the number of animals:
examined at any of fhese sites for each sex. We have not used this procedure;
instead the multistage model was fit to the tumor incidence from each lesion
site. These resuits appear in Table 9 along with the chi-squared valpe_for the

goodness-of-fit test. When the best fit to the data was non-linéar, the linear
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model was also fit (see the note at the bottom of Table 9 for a deécription of
this model) and produced risk estimates-;;r comparison. In all sites, except.
female livef.tumors, it was possible to adequately fit the data. "For males,
the smallest lower éanfidence bound on the 'virtually safe dose" (vSD) for am
added risk of 1/1,000,000 is 117 femtograms/kg b.w./day. In females, the most
sensitive site seemed to be the liver, but it was not possible to get an
adequate fit using the administered dose. In the original manuscript, Kociba
et al (1978) had determined the concentration of TCDD in the livers of a'sample

of the sacrificed animals from each dose group. The means for each dose group

appear below:

Administered dose: 0.001 0.01 0.1

Liver dose (ppb) 0.540 5.10 24.0

Assuming_thése concentrations were present in the animals at stable levels for
much of the study, these are the appropriate doses to which the liver tumor
incidence data should be fit. Assuming the relationship between administered
dose and liver dose is non-linear above the 0.0l ug/kg b.w./day dose and linear
below this does (as appears to be the case), liver dose can be transformed back
to administered dose using the least-squares line through the poiants (0,0),

(0.001,0.54) and (0.01,5.1). This leads to the linear relationship;
Administered dose ‘= Liver dose/510.297.

The VSD estimates and lower confidence bounds in the administered dose scale

appear in Table 9 under model type "TRANSF". Using this approach, the smallest
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lower confidence bound on the VSD using an added risk of 1/1,000,000 cancers is

27.6 femtograms/kg b.w./day for female rats.

The NCI/NTP study (1981) was a gavage experiment on B6C3fl mice and
Osborne Mendel rats, both sexes. There were 75 vehicle treated control animals
and 50 animals at each of three doses for each sex by species combination. The
doses were Administered twice weekly. In order to use the same scale, these
Iweekly doses were divided by seven obtaining daily doses. Thére are of course
questions of peaks and dips'in body content of TCDD. We have assumed that'in'a
weekly scale the dose is approximately constant, and division by 7 to }ieid' h
daily doseé.is-an acceptable conversion. Both sexes in rats and maie mice
received doses of 0.0014, 0.0071 and 0.0714 ug/kg b.w./day (0.01, 0.05 and 0.50
on the weekly dose scale). Female mice received doses of 0.0057, 0.0286 and
0.2859 ug/kg 5.w./day (0.04, 0.2 and 2.0 on the weekly scale). There were hb
significant survival differences in any group and in fact the estim#tes“of thé
VSD based upon a time-to~tumor model (multistage Weibull) were similar to.tﬁe

estimates obtained from the linear model.

The important lesion sites, the estimates of risk anq the chi-squared
goodness-of-fit statistic are given in Table 10. As before, when the linear
model was not the best fit, it was fit separately in order to see what =~
difference this model would make. All of the models gave acceptable fits to
the dat;. Where there are two or moré lesion sites for a particular animal
group, the EPA pooled the results as mentioned before. Again, combining of

independent sites was not done here.
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The smallest lower confidence bounds on the VSD (1l.E-6) for.each
sex/species combinatipn are as follows: male rat thyroid 214; female rat liver
nodules ;nd carcinomas 160; male mouse liver adenomas and carcinomas.86g and
female mouse lymphoma/leukemia 543. These results do not differ marke&ly.from

the results of the Kociba study.

Thus, the risk assessment calculations for the different tumors in these 2
studies provide a dose range of 280 femtograms/kg b.w./day to 14.3 picograms/kg
b.w./day_that would result in an increased cancer risk of one per 100,000 , and
a dose range.of 28 femtograms/kg b.ﬁ./day to 1428 femtograms/kg b.w./day that
would resﬁlt in an increased cancer risk of one per 1,000,000. In making thé.
above predictions direct couversions were used from rodents to men. It is
presently not clear whether this is justified. Humans are better éble.éo
repair bNA thén rodents, and many other differences could be pointed out.
However, there is no écientifically justified alternative f;rm of extrapolétion

(e.g. use of safety factors) which could be used.

These calculations assume that a linear dose response relationship exists
for carcinogens which are primarily promoters. This, however, has not been
shown expefimentally and it is presently not understood how promoters affect
cancer growth at very low concentrations. TCDD apparently affects éeil"
membranes throdgh lipid peroxidation (Stohs et al. 1983) which also affects
membrane fluidity. Lipid peroxidation most likely is the reasoﬁ for the
formation of multinucleated cells in TCDD exposed animals (Jones and Butler,
1974). 1t is not clear whether at very low dosage levels antioxidants such as

Vitamin E, Vitamin C, Selenium and unsaturated fatty acids would -have a
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profective effect against the.promoting actions of TCDD. It has also bé;ﬁ.
egstablished that TCDD increases the absorption of irom which results in
increased liver toxicity (Sweeney et al. 1979). For these reasons and the |
receptor model developed by Polana it is not known whether the linear derived
multi—stagé model for the cancer risk assessment is the most appropriate.
Unfortunately a.scientific data base which would permit the use of:différent,

possibly less conservative models, presently does not exist.

Since the no observablé effect levels for reproduction, immune.tdxicity
and various ochér toxic effects. are not established in various species, a
conservétive approach for chronic toxicity in general is in order. The study
by Murfay et al. (1979) suggested that 0.00lug/kg/day is a no obgérved effect
level for reproduction in rats. Nesbit and Paxton (1982) recalculafed the data
developed by.Murray et al. (1979), by using results from_different geﬁerations
as indeﬁendent variabigs which is a somewhat unorthodox procedure. They
concluded that 0.001 ug/kg b.w./day was still an effeét level. However, thig
study shows a very varied fertility index among the controls throhgh different
generations; in addition, TCDD Sody burdens of the dams are greatly affected by
lactation introducing another variable. Drs. Hoel, Van Ryzin and Portier among
the CDC consultants also revieyed these data and concluded that there was
insufficient evidence for an effect at .0l ug/kg b.w./day. For these reasons

this study is not used for risk assessment calculations (see also Appendix 1I).
Subhuman primates (which are much more suscéptible to the effects of TCDD)

show an effect on reproduction if fed for six months at a daily dose of 1.8 .

ng/kg. Lf the toxicology data from subhuman primates is used, then a 1000-fold

41



safety factor would have to be used, since the lowest dose of 1.8 ng/kg peraday
was not a no-observed effect level and was not obtained from a chronic feeding
gstudy. Thus a daily dose rate of 0,0018 ng/kg--corresponding to a total daily
doée of 144 picograms--would be tolerable for an 80 kg person. For a 60 kg
person this would be 108 pg. Thus at the lowest daily dose likely to obtain as
estimated asove for a soil leyel of 1 ppb (111l.4 pg/day), both of these
extrapolations from reprodpccive studies in animals appear to suggest a
situation of no excess risk in humans. However, at.virtually all other
estimated.leQels of daily dése (i.e., under more severe sets of assuﬁptions or
the higher level of TCDD in soil) one might expect the induction of adVef;é. |

reproductive health effects.

Taking the most sensitive cancer risk estimate of 28 femtogramslké
b.w./day for aﬁ increased lifetime risk of 1 x i0_6, this is less than the
amount of TCDD conceivably absorbed from soil contaminated with TCDD at 1 pPPb,
even using thé lowest estimates for calculating absorbed dose. However, it
must be stressed that the exposure assessments used in estimating risks for
carcinogenicity and reproductive health effects contain_critica} assumptidné
which are not likely to be obtained in reality. Most prominent of these are
the assumptions of uniform levels of contamination throughout the-living space
and constant, total access to these areas. In fact, the situation is-likely to
be such that areas with elevated TCDD levels, which, of themselves, can be
expected to decrease over time, are found in specific, well-defined locations
which have céncomitant unique use and access characteristics. Therefore, in
such a situation where access is less than.total and constant, the actual daily

exposure will be lower. Similarly, different usagé patterns of affected areas
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(e.g., sports activities, gardening, horseﬁack riding) or an individpal'é
characteristics (e.g., pica in children) are not likely to lead consistently.to
worst case situations and will have differing effects on the deCermination of
total cumulative dose. Similarly, soil ingestion for adults is not likely to
approach that for children, the worst-case group. Even if all of these
assumptions weré to be accepted as being valid at all times, at the lowest
daily dose levélé estimated.above for soil TCDD contamination of i ppb (i.e.
111.4 pg/day) it would take almost several years to accumulate a total dose
sufficient to increase an iﬂdividual's risk of developing canpef by one in a
million. We have therefore chcluded that soil levels of 1 ppb TCDD in

residential areas is a reasonable level to express councern about health risks.

Implications for Risk Management

Therefore, where resideqtial soil levels exceed 1 ppb, risk management .
decisions on habitability and limiting exposure may range from recommendations
to avoid identified "hot spots" or limit'specific activities in these areas (if
possible) or temporary relocation while clean-up and/or onsite stabilization of
the contaminations are performed to permanent relocation and access restriction
for a given site. In addition, such recommendations will have to be prepared
in terms of situations which range from the need for near-térm action to those
of a less emergenf nature. In all of these scenarios, however, these decisions
must be made on a site-specific basis 'as indicated by the complexities and

variability of circumstances discussed in the body of this document.

Although from these calculations levels of TCDD below 1 ppb are, for

practical purposes, considered not to reach a level of concern, a number of
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additional éonsiderations related to the risk assessment calculations should be

pointed out to decision makers involved in risk management:.

The calculations for this level take into consideration that exposure

" most likely will not be consistent for a lifetime, since TCDD will

sldﬁly degrade, nor will people be exposed extemsively to the soil on
a‘’ continuous daily basis. .For instance, it is anticipated that
during cold weather, and while it ié raining, not much outside
activity.will occuf. From the limited available information it
appears also that lévels df TCDD within houses are at least 100-fold
less than what is measured outside the houses.

It is presently not known what the precise biogvailability of TCDD
from soil is.

fhe recovery of TCDD from soil that is extracted for chemical
analysis varies & great deal #nd may be as low as 20%.

It has been shown by Fries et al. (1982) that cattle, sheep, and
swine consume up to 7% soil/day of their total ingested dry mattér
when grazing on ranges. From experience with polybrominatgd
biphenyls and 1,2,3,6,7,8—hexachlorodibenzodio#in, it seems that
levels in adipose tissue of these animals will bioaccumulate (see
risk assessment scenario for ranges). Soil levels of TCDD on ranges
and other farmland should, tﬂerefore, not be any higher than the
levels given in Table 12.

Furthermore, if contaminated ;oil is close to waterways'and can
contaminate these waterways by way of erosion, levels may also have
to be lower, since fish can bioconcentrate TCDD 20,000-fold (NRCC,

1981) or more. Action levels for fish have been set by the FDA; at’
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50 ng TCDD/kg edible portion, fish should not be consumed, and at :

25-50 ng/kg, fish should not be consumed daily.
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